Abstract
Background
Cardiovascular disease is the leading cause of death globally, with the burden of disease greater among lower socio-economic groups (Kaplan and Keil 1993 ; Australian Institute of Health and Welfare (AIHW) 2006; Mackenbach et al 2008) . Such inequalities do not just affect the most disadvantaged groups in a society. There is clear evidence for a social gradient in CVD that runs across the entire socio-economic spectrum so that overall, the lower an individual's socio-economic position, the worse their cardiovascular health (Lynch et al 2006; Marmot et al 2008; Marmot 2010) . For example, the Whitehall Study of British civil servants was instrumental in demonstrating that inequalities in CVD exist across all occupational classes (Marmot 1992) . While the mechanisms and pathways underlying this social gradient in CVD are not fully understood, major risk factors for atherothrombotic disease are thought to play a significant role. Tobacco smoking, abnormal lipids, high blood pressure, diabetes and abdominal obesity in combination, account for up to 90% of the population attributable risk (PAR) of acute myocardial infarction (Yusuf et al 2004) . In addition, many longitudinal studies have reported that social gradients in the prevalence of these and other risk factors account for a significant proportion of the social gradient in CVD (Lynch et al 1996; Beauchamp et al 2010) . People from lower socio-economic groups also tend to have a higher number of cardiovascular risk factors, leading to an increased overall risk of CVD among the more disadvantaged (AIHW 2005) .
Despite this evidence, our understanding of how social gradients in CVD risk develop in individuals over time remains limited. Prospective studies describing the incidence of cardiovascular risk factors according to socio-economic position (SEP) are few, and findings are inconsistent. While several studies have found that the incidence of hypertension is higher among lower socio-economic groups, [Conen et al 2009; Diez Roux et al 2002; Mathews et al 2002) , others have shown that these associations vary according to age, race and gender (Dyer et al 1999; Ford and Cooper 1991; Vargas et al 2000) . Findings are equally inconsistent for incident obesity (Ball and Crawford 2005; Martikainen and Marmot 1999; Mujahid et al 2005) and diabetes (Kumari et al 2004; Maty et al 2005; Maty et al 2010; Robbins et al 2005) . In addition, while it is known that risk factors in combination are more closely associated with CVD risk than single factors in isolation (NVDPA 2009) , and that lower SEP groups tend to have a greater number of cardiovascular risk factors (AIHW 2005) , few longitudinal studies have examined whether SEP is associated with the accumulation of cardiovascular risk factors over time (Dupre 2008) . Further evidence for the association between SEP and the incidence of both individual and cumulative risk factors will make an important contribution to our knowledge of which factors to target in order to reduce future inequalities in CVD.
Using data from an Australian adult cohort study, we aimed to determine whether educational attainment (as an indicator of SEP) is both a predictor of incident cardiovascular risk factors, and is associated with the development of a greater number of risk factors over time.
Methods
The Australian Diabetes, Obesity and Lifestyle study (AusDiab) is a population-based, stratified cluster survey of 11,247 adults aged 25 years or older in 1999 -2000. Methods and response rates have been described previously (Dunstan et al 2002) . A five-year follow-up was conducted in [2004] [2005] . From the original cohort there were 10,788 participants eligible for follow-up and of these, 6400 returned for physical examination and interviewer-administered questionnaire. For this analysis we excluded participants missing baseline data on education (n=47), diabetes or CVD (n=72), and baseline or follow-up data on smoking, systolic blood pressure, cholesterol, body mass index (BMI), and medication use (n=314), leaving 5,967 participants who had attended both baseline and follow-up examinations. We excluded a further 399 participants with self-reported history of CVD at baseline, leaving a total of 5,568 participants. Ethics approval was obtained from the International Diabetes Institute and Monash University, Melbourne.
All participants consented to participate in the study.
Education level was ascertained by asking the question "Which of these describes the highest qualification you have received?" Education was categorised as secondary only (comprising those with a secondary school qualification), diploma (comprising nursing or teaching qualification, trade certificate or undergraduate diploma), and degree (comprising bachelor degree, post-graduate diploma or masters degree/doctorate). These categories are considered to represent hierarchical stages of education, each of which has important socio-economic implications (Dutton 2005) .
Baseline and follow-up assessments followed a similar protocol.
Data were collected by interviewer-administered questionnaires on age, sex and current use of anti-hypertensive and lipidlowering medications.
Self-reported CVD was ascertained by asking if participants had been told by a doctor or nurse that they had angina, coronary heart disease, or stroke. Smoking status was defined as 1) current daily smoker and 2) ex-smoker (now smoking less than daily for at least the last 3 months, but used to smoke daily) and non-smoker (never smoked tobacco daily) combined.
Blood pressure was measured using a Dinamap or a standard mercury sphygmomanometer (Briganti et al 2003) .
Height and weight were measured using standard methods, (Briganti et al 2003; Dalton et al 2003) and BMI was calculated as weight (kg)/height (m) 2 . (Dalton et al. 2003 ) Fasting serum total cholesterol was measured with an Olympus AU600 analyser (Olympus Optical, Tokyo, Japan) at a central laboratory (Magliano et al 2007) .
Classification of diabetes status has been described elsewhere (Magliano et al 2007) . Briefly, participants were classified as having 'known diabetes mellitus' if they reported having physiciandiagnosed diabetes mellitus and were either taking hypoglycaemic medication or had fasting plasma glucose (FPG) ≥ 7.0 mmol/L or a 2-hour plasma glucose (PG) ≥ 11.1 mmol/L. Participants not reporting diabetes mellitus but with FPG ≥ 7.0 mmol/L or 2-hour PG ≥ 11.1 mmol/L were classified as having 'newly diagnosed diabetes mellitus'.
Statistical analysis
Analyses were conducted using sample weights to account for the sampling design of the study (Dunstan et al 2002) . For continuous risk factor variables, the significance of a trend across educational categories was assessed using linear regression.
For dichotomous variables, the significance of a trend across educational categories was assessed using logistic regression. Two-sided p values are presented, with p-values <0.05 regarded as significant.
For each individual risk factor at baseline, we created "low risk" groups according to baseline measurement or use of prescription medication for that risk factor. The cut-point for being considered "low risk" for hypertension was a baseline systolic blood pressure reading of <140 mmHg or a baseline diastolic blood pressure reading of <90mmHg, and not on anti-hypertensive medication.
For cholesterol, the cut-point for being "low risk" was <5.5mmol/l and not on cholesterol-lowering medication at baseline, and for BMI, the cut-point was <25kg/m 2 . We used logistic regression to analyse the incidence of risk in those participants designated "low risk" according to these cut-points. The odds ratios represent the odds of progressing from being "low risk" at baseline to "high risk" at follow-up for that risk factor within each education category, relative to the highest educated group. Three models are presented; model 1 (unadjusted), model 2 (adjusted for age and ethnicity), and model 3 (adjusted for age, ethnicity and baseline measure of that risk factor). Linear regression was used to describe the association between education and the number of risk factors at follow up, adjusting for the number of risk factors at baseline. This analysis reports the increase in risk factors over time according to educational attainment. Tests of interaction between education and sex were significant for diabetes and therefore results of sexstratified analyses are presented.
Results

Non-attendees
Baseline characteristics were compared between participants who attended follow-up and those who did not (data not shown). Compared to those who did attend, non-attendees were on average 2 years older. Mean levels of systolic blood pressure, cholesterol, and BMI were similar between the two groups. The prevalence of smoking in male non-attendees according to educational category was 28%, 28% and 15% for secondary, diploma and degree-educated groups, respectively, and for female non-attendees was 24%, 21% and 14%, respectively. Diabetes prevalence in male non-attendees was 10%, 9% and 5% for secondary, diploma and degree-educated groups, respectively, and 9%, 6% and 4%, respectively for female non-attendees. For men, the odds of not attending (when eligible) were 1.60 (95% CI 1.33-1.93) times greater for those with secondary compared to tertiary education and 1.30 (95% CI 1.12-1.51) times greater for those with diploma compared to tertiary education. For women, the odds of not attending (when eligible) were 1.65 (95% CI 1.40-1.95) and 1.32 (95% CI 1.12-1.51), respectively.
The baseline characteristics of study participants are shown in Table 1 . Compared to the lower educated groups, participants with degree level education were younger. Inverse gradients were observed for most risk factors, reflecting a more adverse risk factor profile and a greater likelihood of being at "high risk" for those with lower education compared to those with higher education. The numbers of risk factors at baseline (out of a total number of 5) also differed according to education for both men and women, with lower educated participants having the greater number. Table 2 presents mean risk factor levels for those participants defined as "low risk" for each risk factor according to the cut-points described earlier.
For men, educational gradients were seen for fasting blood glucose only. Among women, inverse educational gradients were seen for all risk factors with the exception of diastolic blood pressure.
Incidence of risk factors
The likelihood of progression to "high risk" for each risk factor according to education level is shown in Table 3 . In age and ethnicity-adjusted analyses, women with secondary education and those with diploma level education were more likely to progress to increased risk for BMI (OR compared to degree level education 1.54 (95% CI 1.04-2.27) and 1.70 (95% CI 1.24-2.34) respectively). This association became non significant after adjustment for baseline BMI. Women with secondary and diploma level education were also more likely to develop incident diabetes than were those with higher education (adjusted OR from degree level education 3.09 (95% CI 1.28-7.42), and from diploma level education 2.65 (95% CI 1.11, 6.30). Among men, this association was seen only for those with secondary education (adjusted OR from degree level education 1.71 (95% CI 1.10-2.66). After adjusting for baseline FBG level, the associations between education and diabetes remained significant for both men and women. 
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Change in smoking status
The proportions of current smokers decreased between baseline and follow up in most educational groups (data not shown). Participants with lower education were more likely to stop smoking between baseline and follow up, than those with higher education. Among men, age and ethnicity-adjusted odds ratios for smoking cessation for secondary compared to tertiary education were 2.55 (95%CI 1.31-4.94), and for diploma compared to tertiary education, 1.78 (95%CI 1.01-3.15). For women, the corresponding odds ratios were 3.74 (95% CI 1.42-9.86) and 2.54 (95%CI 0.95-6.82), respectively.
Increase in the number of risk factors
After adjusting for age and ethnicity, and for the number of risk factors at baseline, women with lower education had an increased mean number of risk factors at follow up compared to women with higher education (increased by 0.10, (95%CI 0.02-0.19) for secondary education and 0.09, (95% CI 0.02-0.17) for diploma education in comparison to degree-level education). No relationship was observed for males.
Discussion
Overall findings
This study found that over 5 years, lower education was positively associated with the onset of overweight/ obesity in women, and of diabetes in both men and women. The likelihood of accumulating a higher number of risk factors between baseline and follow up was greater for lower compared to higher educated women.
Strengths and limitations
This contemporary study was undertaken on a large sample with accurate measurement of risk factors. However, there was a significant loss to follow-up, and so the sample may not be representative of the Australian population, limiting the generalisability of the results from this study. Non-attendance was associated with lower educational attainment in both men and women and this may lead to some selection bias and possible underestimation of our findings.
In addition, the prevalence of smoking was higher among non-attendees. However, this was the case for all educational groups and therefore would be unlikely to affect our findings concerning the relationship between education and smoking. We described risk using categories rather than continuous measurements. There is known to be a continuous relationship between risk factor levels and risk of disease; as a risk factor progressively increases, so too does the risk of developing CVD (Law 2002) . While our results therefore do not present information regarding risk accumulation across the entire risk spectrum, describing development of high risk in this manner may be more meaningful and applicable to clinicians. For example, clinical guidelines for the prevention of atherosclerotic heart disease use risk factor cut-off points as indicators of treatment (National Heart While we used one indicator only to measure SEP, education is considered a robust measure as it is relatively easy to measure, has high response rates, tends to exclude fewer members of the population than occupational-based measures, and is less likely to change after adulthood than other indicators (Shavers 2007 , Dutton et al 2005 . Many studies have demonstrated consistent associations between education level and CVD risk factors, both singly and accumulated ( Educational attainment has also been shown to have a strong association with CVD mortality (Winkleby et al 1992; Kilander et al 2001; Lee et al 2005) . There are several mechanisms through which education might influence health status. For example, education provides knowledge and life skills that allow people to gain ready access to information and health promotion resources (Adler and Newman 2002) . Individuals with higher education may also be more likely to have better work and economic conditions and psychological resources, although the stability of education can sometimes mask changes in an individual's circumstances. It is important to note however, that no single indicator will capture all aspects of SEP.
The meaning of educational attainment will also vary between different birth cohorts as school leaving age increases, or higher education becomes more widely available. For example, in Australia in 1945, the majority of school children completed only 2-3 years of secondary education, whereas in 1971, more than half completed 4 years. In 1939, less than 3 percent of adults aged 17-22 were in full-time tertiary education; in 1971 this was 9 percent (Encel 1972) . It is difficult to assess the effect of this upon our results. Our analysis controlled for age, which may have mediated some of the effects of changes in education policy, nevertheless this may prove to be an important limitation on the use of educational attainment as a measurement of SEP in longitudinal studies that contain multiple birth cohorts.
Individual risk factors
Consistent with our findings, several longitudinal studies report that lower SEP is associated with incident overweight or obesity over time (Ball et al 2002; Coogan et al 2010) . We also found that lower educated women of normal weight were more likely to progress to incident overweight or obesity than were those with higher education. This may be driven by the higher mean BMI observed at baseline among women with lower education, as the association was no longer significant after adjustment for baseline BMI. There was no educational gradient seen in BMI among men of normal weight, possibly accounting for some of the differences seen in our study between men and women.
Gender-related differences in the social gradient in BMI gain have also been reported by others, although findings are conflicting (Matheson et al 2008; Ross et al 2007; Dennis et al 2000; Sundquist and Johansson 1998) . Overweight or obesity has previously been associated with other risk factors such as diabetes and systolic blood pressure (Dennis et al 2000) . Therefore, the contribution of BMI to future socioeconomic gradients in CVD is potentially of great importance, particularly among women.
Other studies also report that diabetes incidence is inversely associated with SEP (Kumari et al 2004; Maty et al 2005; Maty et al 2010; Krishnan et al 2010; Lidfeldt et al 2007) . The greater incidence of diabetes among lower educated women in our study may be related to the co-existing increases seen in overweight and obesity. Several studies report an attenuation of the effect of SEP on incident diabetes after adjusting for BMI (Maty et al 2005; Robbins et al 2005; Krishnan et al 2010; Lidfeldt et al 2007) , suggesting that obesity is an important mediator in this relationship. However, in our study, the social gradient in diabetes is much stronger than that seen for BMI, implying that other factors may play a part.
There was no educational gradient seen in incident hypertension in either men or women. Few studies have examined incident hypertension according to SEP, with most finding that education, income and neighbourhood are all predictors of onset of this risk factor Dyer et al 1999; Vargas et al 2000; Conen et al 2000) . The lack of a significant finding in our study may reflect small numbers of incident hypertension. While there was no educational gradient seen in mean systolic blood pressure among men who were "not at risk" for hypertension at baseline (Table 2) , a gradient was apparent when the total population was examined (including those on anti-hypertensive medication).
This may indicate educational differences in the treatment of hypertension among men.
We found the prevalence of smoking declined across all socio-economic groups, apart from among women with degree level education. Similar to other studies, the pattern was one of a greater decrease among the lower educated (Kanjilal et al 2006; Lyratzopolous et al 2006; Strand and Tverdal 2006) . These findings are likely to reflect secular trends in smoking due to the effect of public health policies such as increased tobacco taxation. This strategy is considered one of the most effective deterrents to smoking, and has been shown to be effective among lower SEP groups in some settings including Australia (White et al 2003) . Overall our findings are encouraging, as smoking has previously been shown to contribute to approximately 30% of the excess risk of CVD mortality among lower SEP groups (Jha et al 2006) .
Multiple risk factors
It is known that having more than one risk factor can accelerate the development of atherosclerosis and CVD mortality (Lowe et al 1998; Berenson et al 1998) , and that socio-economic disadvantage is inversely associated with the number of risk factors present (AIHW 2005) . The pattern of a smaller number of risk factors in higher SEP groups and a greater number in lower SEP groups seen in our study has been observed by others (AIHW 2005; Karlamangla et al 2005) , however, few studies have examined the accumulation of risk factors over time according to SEP (Dupre 2008; Karlamangla et al 2005) . One United States study, utilising 20 years of data from the National Health and Nutrition Epidemiologic Follow-up Study, reported that education was associated with the accumulation of behavioural risk factors for CVD, namely smoking, alcohol and obesity (Dupre 2008) . Our results also showed that women with lower education were more likely than those with higher education to increase their number of risk factors over time, potentially contributing to continued socio-economic gradients in CVD in the future.
Implications
Our findings have important implications for the future burden of CVD among lower educated groups.
They suggest that people with less education carry a greater burden of individual cardiovascular risk factors, and are also more likely to progress to an overall increased risk. Our findings also suggest that more educated participants, particularly females, are less likely to develop incident risk factors, which together with the existing social gradient, will potentially lead to increased gradients over time. These findings thus reinforce the need to direct intervention efforts towards reducing socio-economic differences in CVD.
Not only do our results have implications for the development of CVD, but for other risk factors and conditions more broadly.
Obesity has been associated with a wide range of chronic conditions such as diabetes, hypertension, kidney disease, and certain cancers (Field et al 2001; Kramer et al 2005; Wang et al 2008) . Being obese also influences the ability to successfully manage many chronic conditions such as arthritis (Ogden et al 2007; AIHW 2005) . It is therefore possible that educational gradients in the incidence of these risk factors will adversely impact upon educational gradients in chronic diseases overall.
The implications of the gender-based differences seen in our study are also of interest. The adverse effects of cardiovascular risk factors have previously been shown to be stronger for women compared to men (Chrysohoou et al 2003; Yu et al 2000) . For example in the INTERHEART study, the population attributable risk for hypertension was 36% in women and 19% in men (Yusuf et al 2004) .
Diabetes has also been associated with a higher risk of CHD in women than in men (Haffner et al 1997) , although this may be due to the fact that women also tend to have a higher number of coexisting risk factors than men (Kanaya et al 2002; Oda et al 2006) . The reasons for these gender-based differences in CVD risk are unclear although patho-physiological factors, or treatment differences, may play a role (Vaccarino 2010) . In addition, CVD risk factors have been more consistently and strongly associated with SEP among women compared to men (Strand and Tverdal 2006; Lyrotzopolous et al 2006; Luepker et al 1993; Bennett 1995; Yu et al 2000; Helmert et al 1990) . Findings such as ours, that show an increased incidence of major risk factors among women, suggest that social gradients in CVD events will continue to widen among women.
Conclusion
Our findings provide evidence for the association between SEP and incident cardiovascular risk factors for CVD in a cohort of Australian men and women. Among women in particular, lower education was associated with an increased risk of developing both individual and accumulated CVD risk factors over a 5-year period. These findings suggest that educational inequalities in CVD will continue into the future.
